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Abstract
Objectives: Subjective cognitive decline (SCD) is a known risk factor for Alzheimer’s disease. However, little research has 
examined whether healthy older adults with SCD (SCD+) exhibit lower cognition and increased rates of cognitive decline 
compared to those without SCD (SCD−). The goal of this study was to examine if cognitive change over a 15-year period 
differs between SCD+ and SCD−.
Method: 3,019 cognitively normal older adults (831 SCD+) from 3 Rush Alzheimer’s Disease Center cohort studies were 
followed annually for up to a maximum of 15 years. Due to attrition, the average follow-up time was 5.7 years. Cognition 
was measured using z-scores of global cognition, episodic memory, semantic memory, perceptual speed, visuospatial ability, 
and working memory. Linear mixed-effects models investigated whether SCD was associated with cognitive change.
Results: Both baseline cognition and cognitive change over time differed between SCD+ and SCD−. People with SCD+ 
exhibited lower baseline scores and a steeper decline in global cognition, episodic memory, semantic memory, and percep-
tual speed. People with SCD+ did not differ from SCD− in baseline visuospatial ability or working memory but exhibited 
increased change over time in those two domains compared to SCD−.
Discussion: The observed results reveal that older adults with SCD+ have lower baseline cognition and steeper declines in 
cognition over time compared to SCD−. Older adults with SCD may be aware of subtle cognitive declines that occur over 
time in global cognition, episodic memory, semantic memory, perceptual speed, visuospatial ability, and working memory 
compared to those without SCD.

Keywords:  Cognitive change, Cognitively healthy older adults, Subjective cognitive complaints
  

Alzheimer’s disease (AD) is a neurogenerative disease char-
acterized by progressive declines in cognitive functioning 
that are severe enough to interfere with activities of daily 
living (Alzheimer’s Association, 2021). The onset of symp-
toms that result in a clinical diagnosis of AD occurs years, 
even decades, after the accumulation of amyloid plaques 
(amyloid β deposits) and neurofibrillary tangles (tau), and 
after neurodegeneration has begun (Femminella et  al., 

2018; Scheltens et al., 2016). This long phase between neu-
ropathological development and clinical symptoms has be-
come an area that has gained much attention as researchers 
attempt to identify biomarkers and other mechanisms of 
early detection for AD. Interestingly, many older adults 
who have no evidence of cognitive deficits on standard-
ized tests report self-perceived concerns regarding declines 
in their cognitive abilities (Farias et  al., 2018). As such, 
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subjective cognitive decline (SCD) has emerged as an early 
risk factor for the development of future cognitive decline 
and AD (Jessen et  al., 2014, 2020; Mitchell et  al., 2014; 
Rabin et al., 2017).

The current research investigating the association be-
tween SCD and objective cognitive performance is not only 
limited but also contradictory. When examining studies 
that explore the relationship between SCD and cognition 
in terms of either baseline cross-sectional performance or 
longitudinal follow-ups, several have reported no differ-
ences between healthy older adults with SCD (+), and those 
without SCD (−) on a range of cognitive functions including 
memory, language, executive functioning, and global cog-
nition (Carmasin et  al., 2021; Lehrner et  al., 2017; Yu 
et  al., 2020). Conversely, several studies have observed 
that SCD+ is associated with lower cognitive performance 
in these same cognitive domains (i.e., memory, language, 
executive functioning, and global cognition) (Kim et  al., 
2020; Mulligan et al., 2016; Wolfsgruber et al., 2020). One 
study examined responses to a memory failure question-
naire using a “low,” “medium,” or “high” SCD approach 
depending on a number of questions endorsed (Carrasco 
et al., 2017). These authors found that those with higher 
SCD scores exhibited lower baseline global cognition and 
memory. A similar method was used in a longitudinal study 
reporting that greater severity of SCD predicted poorer 
cognition at baseline and at follow-up using bivariate anal-
ysis; however, SCD did not predict either baseline or cog-
nitive decline when using linear mixed modeling (Sohrabi 
et  al., 2019). Other longitudinal studies have been more 
consistent in observing that SCD is associated with greater 
cognitive decline. For example, greater declines in pro-
spective memory (Kamberis et al., 2021), semantic fluency 
(Maruta & Martins, 2019), working memory (Vogel et al., 
2017), verbal memory (Hohman et al., 2011), and episodic 
memory (Koppara et al., 2015) have all been observed in 
people with SCD+ compared to SCD− (see Rabin et  al., 
2017 for a review of more longitudinal studies). Therefore, 
while cross-sectional and short-term follow-up studies (i.e., 
1–2  years) are inconclusive, several longitudinal studies 
(i.e., approximate follow-up time of 7  years) have noted 
that SCD is associated with subsequent declines in various 
cognitive domains over time.

Changes in the preclinical AD stage are thought to 
occur on average around 10  years before dementia di-
agnosis (Jessen et  al., 2020); and around 60% of people 
with SCD convert to MCI and AD over a 15-year period 
(Reisberg & Gauthier, 2008). Therefore, although longitu-
dinal studies of less than 10 years may capture differences 
in cognitive abilities between SCD+ and SCD−, the changes 
in cognitive function may reflect years of pathological pro-
gression of disease in those with SCD. Given the current 
push for earlier detection to aid in disease management and 
care planning, it is important to capture these individuals 
early in the disease process when SCD is present, but ob-
jective cognitive decline is not. Studies examining SCD are 

limited in terms of more extensive follow-up times (e.g., 
10–15 years); however, tracking individuals reporting SCD 
early in the disease process is essential to understand pro-
gression of cognitive decline. In addition to this limitation 
in the current research, as noted above, few longitudinal 
studies have examined the influence of SCD on multiple 
cognitive domains (see Rabin et al. [2017] for review). That 
is, most studies focus on examining differences in cogni-
tion using one or two domains (e.g., memory and language) 
rather than a more extensive cognitive battery.

Examining only one, or a couple cognitive domains, 
rather than a range of domains, reduces the comparability 
across studies because most studies use different methods 
to quantify SCD in their participant population. For ex-
ample, Maruta & Martins (2019) quantified SCD based on 
only language complaints. These language complaints were 
associated with worse performance on semantic fluency but 
not on memory, executive functioning, attention, or proc-
essing speed. Another study categorized SCD using a single 
question “Do you have difficulty with your memory?” 
Those who endorsed the question were then followed up 
with a questionnaire to determine SCD severity (Sohrabi 
et al., 2019). These authors observed that SCD severity was 
associated with current and future cognitive functioning. 
With studies examining different cognitive domains and 
using different SCD questionnaires, it is difficult to gener-
alize the results and compare findings across the different 
studies. These various results highlight the novelty and im-
portance of the current study; a longitudinal method with 
a 15-year follow-up, that uses one questionnaire to define 
SCD, and assesses multiple cognitive domains in the same 
population.

The current study was designed to leverage the har-
monized Rush cohort studies which have extensive fol-
low-up times to examine cognitive differences between 
healthy older adults with SCD and those without SCD 
both cross-sectionally, as well as longitudinally, over a 
period of 15 years. Two earlier studies from these cohorts 
examined the influence of depressive symptoms on memory 
complaints (Hill et al., 2020) and the influence of SCD on 
cognitive decline over 8  years (Arvanitakis et  al., 2018). 
While Hill et al. (2020) observed an association between 
depressive symptoms and memory complaints, they did 
not examine this association with respect to cognition or 
cognitive decline. Arvanitakis et  al. (2018) examined the 
association of memory complaints with cognition in a 
sample of healthy older adults and people with baseline 
MCI and dementia. However, to examine the preclinical 
dementia period and investigate early signs of detection, 
research needs to examine memory complaints in healthy 
older adults prior to the manifestation of clinical symp-
toms. Given that pathological brain changes occur up to 
15–20 years before the presentations of clinical symptoms 
(Villemagne et al., 2013), examining healthy older adults 
over at least 10 years will improve our understanding of the 
association between SCD and cognitive decline.
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In this study, examining cognitively healthy older adults 
over a 15-year follow-up period, we investigated the in-
fluence of SCD on global cognition, episodic memory, se-
mantic memory, perceptual speed, working memory, and 
perceptual orientation/visuospatial ability. Given the pre-
viously reported relationship between SCD and depres-
sion (Hill et al., 2020; Rabin et al., 2017), analyses were 
run with and without the depressive symptom scores as 
a covariate to ensure that results were not influenced by 
depressive symptoms. The goal of this project was to de-
termine: (a) if SCD is associated with current and future 
cognitive decline, (b) if cognitive decline is domain specific, 
and (c) whether the results are influenced by depressive 
symptom scores.

Method

Participants

Data used in the preparation of this article were obtained 
from the RADC Research Resource Sharing Hub (www.
radc.rush.edu). Participants provided informed written 
consent to participate in one of three cohort studies on 
aging and dementia: (a) Minority Aging Research Study 
(MARS, Barnes et al., 2012), (b) Rush Alzheimer’s Disease 
Center African American Clinical Core (RADC AA Core, 
Schneider et al., 2009), or (c) the Rush Memory and Aging 
Project (MAP, Bennett et al., 2018).

Participant inclusion criteria for this specific study were 
as follows: (a) cognitively healthy status at their baseline 
visit, (b) no report of stroke, (c) had at least two cogni-
tive assessments, (d) completed the questionnaire assessing 
memory complaints, and (e) were at least 55 years of age 
at baseline. A  clinical diagnosis of cognitive status was 
completed using a three-stage process including computer 
scoring of cognitive tests, clinical judgment by a neuropsy-
chologist, and diagnostic classification by a clinician based 
on criteria of the joint working group of the National 
Institute on Aging and the Alzheimer’s Association 
(NIA-AA) (McKhann et al., 2011). A total of 3,019 healthy 
older adult (NC = 2,188; SCD = 831) participants with a 
mean follow-up time of 5.7 years (and a total of 24,689 
follow-ups available for analysis) were included in this 
study. Follow-ups were completed annually, for a max-
imum period of 28 years; however, for the purposes of this 
study, we used a maximum of 15 years because the sample 
size after 15 years in people with SCD was reduced to less 
than 100 participants.

Subjective cognitive decline was defined based on two 
questions examining memory complaints. Participants 
were asked, “About how often do you have trouble remem-
bering things?” and “Compared to 10 years ago, would you 
say that your memory is much worse, a little worse, the 
same, a little better, or much better?”. Both questions were 
scored using a scale of 1–5 with 1 being never/much better 
and 5 being often/worse. Following past research and the 

Rush recommendations, if the participants had a composite 
score of 8–10 on these two questions they were classified as 
having memory complaints (Arvanitakis et al., 2018); re-
ported as subjective cognitive decline (SCD+) in this paper.

Depressive symptoms were assessed with a 10-item 
modified version of the Center for Epidemiologic Studies 
Depression scale (CES-D, Kohout et al., 1993). Participants 
were asked Yes/No questions regarding whether or not they 
experienced each of the ten symptoms in the past week. 
Scores for each question ranged from 0 to 3 with 0 being 
rarely and 3 being most. The score was calculated based 
on the total number of items experienced. The total score 
ranges from 0 to 30, with higher scores indicating more 
depressive symptoms.

Cognitive Scores

A neurological battery comprised of 19 cognitive as-
sessments was administered to all participants annually 
(Barnes et al., 2012). Five cognitive domains were assessed 
through the selected 19 tests: episodic memory, semantic 
memory, working memory, visuospatial ability, and per-
ceptual speed. Episodic memory was assessed through 
scores from Word List Memory, Word List Recall, Word 
List Recognition, and immediate and delayed recall scores 
of both Story A on Logical Memory and the East Boston 
Story. Semantic memory was assessed through performance 
on Verbal Fluency, and on both a 15-item reading test, and 
version of the Boston Naming Test. The working memory 
domain was measured through performance on Digit or-
dering, as well as Digit Span Forwards and Backwards. 
Visuospatial ability was assessed through performance on 
a 16-item version of the Progressive Matrices and a 15-item 
version of Judgement and Line Orientation. Perceptual 
speed was measured through performance on Number 
Comparison, two indices from a modified version of the 
Stroop Neuropsychological Screening Test, and the Symbol 
Digit Modalities Test. Raw scores on each of the indi-
vidual tests were converted to z-scores using the baseline 
mean (SD); and the z-scores of the tests from each domain 
were then averaged. An individual’s standard performance 
across all 19 of these tests was averaged to create a measure 
of global cognitive function (Lamar et al., 2020). More in-
formation for the specific tests used for each category can 
be obtained from https://www.radc.rush.edu/.

Statistical Analysis

Analyses were performed using R (R Core Team, 2021). 
Independent sample t-tests were completed on age, educa-
tion, and baseline cognitive scores, and a chi-square analysis 
was completed to determine if the ratio of males to females 
differed between the groups. Multiple comparisons were 
corrected for using Bonferroni correction. Demographic 
information and baseline cognitive composite scores are 
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presented in Table 1. Cognitive differences between SCD+ 
and SCD− were investigated using linear mixed-effects 
models to examine the association between each cognitive 
domain (global, episodic memory, semantic memory, per-
ceptual speed, working memory, and visuospatial abilities). 
Linear mixed-effects model results were corrected for mul-
tiple comparisons using false discovery rate (FDR). p-values 
were reported as raw values with significance, then deter-
mined by FDR correction.

The categorical variable of interest was diagnosis (i.e., 
SCD+ vs. SCD−) based on endorsement of memory com-
plaints, contrasting the SCD+ cohort against SCD−. The 
models also included time from baseline, sex, years of ed-
ucation, and age at baseline as covariates. Participant ID 
was included as a categorical random effect to account 
for repeated measures of the same participant. Time from 
baseline was also included as a random effect to help ac-
count for random missing data points throughout the 
follow-up period.

Cognitive Test Score ∼ Diagnosis : TimeFromBaseline + Age_bl
+ Sex + Education +Diagnosis+ TimeFromBaseline
+ (1+ TimeFromBaseline| ID)

 (1)

A second model was included using the same variables, 
but including depressive symptoms as a covariate.

Cognitive Test Score ∼ Diagnosis : TimeFromBaseline
+ Age_bl + Sex + Education +Diagnosis
+ TimeFromBaseline + DepressiveSymptoms
+ (1 + TimeFromBaseline |ID)

 (2)

Results

Demographics

Table 1 summarizes demographic and baseline cognitive 
scores for all participants included in this study. Figure 1 
shows plots for baseline cognitive scores for both SCD+ 
and SCD− participants. SCD+ participants were signifi-
cantly older (p < .001), had more depressive symptoms on 
the CES-D (p < .001), but did not differ in years of educa-
tion or number of males than SCD−. SCD+ also exhibited 
lower baseline scores on global cognition, episodic memory, 
semantic memory, and perceptual speed. This study con-
sisted of three main cohorts, which contains data from five 
different data sets. These data sets were collected to be ra-
cially diverse. For comparison purposes, the number and 
percentage of participants from each data set were included 
in the demographic information to show a similar distri-
bution of participants across the groups from all data sets. 
Furthermore, we included the number and percentage of 
White, Black, and Other to show the similar distribution of 
race across groups and data sets.

Demographic information is provided for the base-
line sample, the full longitudinal sample, and dropouts 
in Supplementary Table 1. The full longitudinal sample 
at maximum follow-up had more years of education (p < 
.001), were younger (p < .001), had fewer depressive symp-
toms (p < .001), and higher global cognition (p < .001), 
episodic memory (p < .001), semantic memory (p < .001), 
perceptual speed (p < .001), visuospatial abilities (p < .001), 
and baseline working memory (p < .001) compared to the 
baseline sample.

Table 1. Demographic Characteristics of Cognitively Healthy 
Older Adults

Demographic information 

SCD− SCD+ 

(n = 2,188) (n = 831)

Age 75.10 ± 7.18 76.4 ± 7.4*
Education 15.9 ± 4.1 15.7 ± 3.9
Male Sex 528 (24%) 196 (24%)
CES-D Score 0.89 ± 1.44 1.50 ± 1.88*
Baseline global cognition 0.27 ± 0.46 0.20 ± 0.44*
Baseline episodic memory 0.34 ± 0.49 0.23 ± 0.48*
Baseline semantic memory 0.28 ± 0.67 0.18 ± 0.65*
Baseline perceptual speed 0.28 ± 0.76 0.16 ± 0.72*
Baseline visuospatial abilities 0.22 ± 0.70 0.23 ± 0.67
Baseline working memory 0.16 ± 0.75 0.15 ± 0.78

Cohort information

CORE 186 (8.5%) 68 (8%)
LATC 99 (4.5%) 49 (6%)
MAP 857 (39%) 354 (43%)
MARS 378 (17%) 141 (17%)
ROS 668 (31%) 219 (26%)
White race 1,485 (68%) 550 (66%)
Black race 621 (28%) 234 (28%)
Other race 82 (4%) 47 (6%)

Notes: Scores are presented as mean ± standard deviation or number of sample 
and percentage of population. CES-D  =  Center for Epidemiologic Studies 
Depression scale; CORE  =  Clinical CORE Study; LATC  =  Latino CORE 
Study; MAP = Memory and Aging Project; MARS = Minatory Aging Research 
Study; ROS = Religious Orders Study; SCD+ = cognitively healthy older adults 
with subjective cognitive decline; SCD−  =  cognitively healthy older adults 
without subjective cognitive decline.
*Represents values that were significantly different between the groups.

Figure 1. Baseline cognitive scores for all domains by group. Notes: 
SCD+  =  healthy older adults with subjective cognitive decline. 
SCD−  =  healthy older adults without subjective cognitive decline.  
* Represents cognitive domains that were significantly different at 
baseline between the groups using independent samples t-test and 
corrected using Bonferroni correction.
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Cognitive Outcomes

Table 2 summarizes the results of the linear mixed-effects 
models for all cognitive domains for both SCD+ and SCD−. 
Figure 2 presents the cognitive change over time by group 
as predicted by the linear mixed effects models. For all cog-
nitive domains (i.e., global cognition, episodic memory, se-
mantic memory, perceptual speed, visuospatial abilities, and 
working memory), increased age and follow-up year were 
associated with lower cognitive performance (p < .001), 
whereas increased education was associated with improved 
cognitive performance (p < .001). Males exhibited lower 
global cognition, episodic memory, semantic memory, and 
perceptual speed (p < .005), but exhibited higher visuospa-
tial abilities (p < .001) than females.

A main effect of SCD diagnosis was obtained for global 
cognition, episodic memory, semantic memory, and per-
ceptual speed (but not visuospatial abilities or working 
memory). An interaction between SCD and follow-up year 
was obtained for all cognitive domains (i.e., global cognition, 
episodic memory, semantic memory, perceptual speed, visuo-
spatial abilities, and working memory). For global cognition, 
both a main effect of SCD+ (p = .018) and an interaction be-
tween SCD and follow-up year was observed (p < .001). For 
episodic memory, the results showed a main effect of SCD 
(p = .001) and an interaction between SCD and follow-up 
year (p < .001). Semantic memory was also associated with 
both a main effect of SCD+ (p = .022) and an interaction be-
tween SCD and follow-up year (p < .001). Perceptual speed 
showed a main effect of SCD (p = .004) and interaction be-
tween SCD and follow-up year (p < .001). Both visuospatial 
abilities and working memory had no main effect of SCD, 
but a significant interaction between SCD and follow-up for 
both visuospatial abilities (p < .001) and working memory (p 
< .001) was observed. These results suggest that not only do 
those with SCD have lower performance on tests of global 
cognition, episodic, semantic memory, and perceptual speed, 
but that they also have increased rates of decline over time 
compared to those without SCD. Those with SCD do not 
show lower working memory and visuospatial abilities at 
baseline, but have increased rates of decline in these two do-
mains over time compared to those without SCD.

Cognitive Outcomes Controlling for Depressive 
Symptoms and Other Covariates

Table 3 summarizes the linear mixed-effects model results 
for all cognitive domains for both SCD+ and SCD− when 
controlling for depressive symptoms. All results remained 
significant with and without depressive symptoms as a 
covariate. Depressive symptoms were negatively associated 
with all cognitive domains: global cognition (p < .001), ep-
isodic memory (p < .001), semantic memory (p < .001), 
perceptual speed (p < .001), visuospatial abilities (p < .001), 
and working memory (p < .001).

All results remained the same compared to the initial 
analysis, except for the main effect of SCD no longer being 

significant for global cognition. It should also be noted that 
all models were repeated, including APOE-ε4 positivity and 
personality traits as additional covariates. All results that 
were significant in the original models remained significant 
with the additional covariates. That is, the models with the 
additional covariates produced the same results in terms of 
effect size and significance, reflecting an insignificant role of 
both APOE-ε4 positivity and personality traits on the dis-
tinction between SCD+ and SCD− in the current study. We 
thus opted to include results from the models that did not 
include these risk factors.

Discussion
Previous research yields conflicting evidence as to whether 
healthy older adults with SCD exhibit lower cognition 
compared to healthy older adults without SCD. To ad-
dress these inconsistencies in the field, the current study 
was designed to investigate whether SCD predicted base-
line cognition and 15-year cognitive change. Findings from 
the current study reveal that SCD+ demonstrates lower 
baseline cognitive functioning in global cognition, episodic 
memory, semantic memory, and perceptual speed, and 
greater rates of cognitive change (decline) over time in all 
domains compared to SCD−. Although all participants are 
considered cognitively normal by objective neuropsycho-
logical testing, SCD+ exhibit significantly diminished cog-
nitive functioning compared to their SCD− counterparts.

Although age is a primary risk factor for the develop-
ment of neurodegenerative diseases like AD, there also 
exists a substantial body of literature highlighting the as-
sociation between normal neurocognitive aging and cogni-
tive decline (van Hooren et al., 2007). Consistent with this 
existing work, in our sample of cognitively normal healthy 
older adults, we observed that older age was associated 
with lower baseline cognition, and greater cognitive decline 
over time regardless of SCD status. Further, education was 
positively associated with cognitive performance suggesting 
that higher education is associated with enhanced cogni-
tion, and may be neuroprotective against cognitive decline; 
both of which have been extensively discussed in previous 
studies (Tucker & Stern, 2011). When controlling for both 
the risk factor of age and the protective factor of educa-
tion in the present study to elucidate if cognitive differences 
existed as a function of SCD status, findings revealed that 
SCD+ demonstrated lower cognitive performance across 
a variety of cognitive domains at baseline. These findings 
suggest that SCD status may be associated with objective 
cognitive decline in individuals who are still considered 
cognitively normal from a clinical diagnostic standpoint. In 
addition, our data supports the hypothesis that SCD status 
is indicative of future cognitive decline. Across all cognitive 
domains observed in the present study, SCD+ was associ-
ated with significantly greater cognitive decline over time.

Current research examining cognition in SCD has been 
limited. Most studies focus on the influence of SCD on 
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current or baseline cognition (e.g., Carmasin et  al., 2021; 
Kim et al., 2020; Lehrner et al., 2017; Mulligan et al., 2016; 
Wolfsgruber et al., 2020; Yu et al., 2020). These studies have 
yielded mixed results as to whether SCD is associated with 
lower cognition. To expand on the extant work in order to 
address these mixed findings, we examined the influence of 
SCD on several cognition domains and observed that SCD+ 
status was associated with lower baseline performance in 
some (but not all) cognitive domains. This finding may con-
tribute to why the aforementioned baseline/cross-sectional 
studies observed mixed results. SCD+ status may be associ-
ated with lower performance on specific cognitive domains, 
but not baseline cognition in general. Therefore, depending 
on the cognitive domains measured, studies may or may not 
observe group differences.

While observing more SCD+ group differences in cog-
nition compared to baseline studies, previous longitudinal 
research is also inconsistent (e.g., Koppara et  al., 2015; 
Vogel et  al., 2017). In the current study, we found that 
SCD+ was associated with steeper declines in all cognitive 
domains measured compared to SCD−. These group differ-
ences were the largest in global cognition, episodic memory, 
and semantic memory. This finding is consistent with SCD+ 
being classified as an earlier indicator of future cognitive 
impairment (Rabin et al., 2017). It is well known that AD 
pathophysiology involves the build-up of amyloid-beta (Aβ) 

plaques and neurofibrillary tau tangles, resulting in neu-
ronal injury and subsequent memory (and other cognitive 
domain) impairments as the disease progresses (Knopman 
et al., 2021; Scheltens et al., 2016). This AD-related path-
ophysiology begins decades prior to the development of 
clinical symptoms, during a preclinical AD stage. Therefore, 
explorations into the earliest noticeable signs of change are 
warranted, even if they are only subjective changes. The cur-
rent findings presented in this paper support the hypothesis 
that SCD is an early indicator of future cognitive impair-
ment and should consistently be assessed to track disease 
progression. Tracking SCD status may serve as an effective 
cost-efficient and noninvasive early indicator of cognitive 
decline, and future research should further examine pro-
gression to AD in people with SCD. We observed that SCD 
is associated with future cognitive decline in all domains 
assessed. It is thus likely that these complaints may be as-
sociated with early chemical changes in the brain resulting 
from abnormal Aβ protein levels evident in the initial stages 
of AD, prior to any observable objective cognitive change. 
Some research has observed that SCD is associated with in-
creased atrophy (Morrison et al., 2022a), increased white 
matter hyperintensity burden (Morrison et al., 2022b), and 
increased levels of amyloid and tau in those who decline 
over time (Colijn & Grossberg, 2015). With a maximum fol-
low-up of 8 years, those with SCD exhibited greater patho-
logical AD and neurodegenerative pathologies (Arvanitakis 
et al., 2018). Future research should examine the associa-
tion between these complaints and structural brain changes 
with 10–15-year follow-ups to examine preclinical AD 
changes in the earliest stage. Identifying the earliest patho-
logical changes will improve selection of people for clinical 
trials, as well as treatment and prevention options.

Potential confounds within current research involve 
examining the association between SCD and depression. In 
the current study, we investigated depression as a covariate 
because several previous studies have revealed a positive 
association between depression and SCD (Brigola et  al., 
2015; Brown, Hill, & Haider, 2022; Markova, et al., 2017). 
Some results have suggested that depression explains differ-
ences in objective performance between SCD+ and SCD−, 
whereas others suggest that the relationship between SCD 
and cognition remains even when controlling for depres-
sion (see Burmester et al. [2016] for review). It is important 
to consider depression when investigating SCD because 
people with depression tend to have negative information 
processing biases where they selectively attend to negative 
information and have a heightened awareness for nega-
tive information (Beck, 2008), which in the case of cogni-
tive aging, may manifest as an over-reporting of cognitive 
complaints (see Rabin et al. [2017] for review). Although 
previous research has observed that greater memory com-
plaints are associated with more depressive symptoms (Hill 
et al., 2020), we found that even when controlling for de-
pressive symptoms, the association between memory com-
plaints and cognition remains.

Figure 2. Cognitive change over time for all domains by group and 
year. Notes: SCD+ = healthy older adults with subjective cognitive de-
cline. SCD− = healthy older adults without subjective cognitive decline. 
** Represents cognitive domains in which SCD+ exhibited both base-
line differences and a steeper decline in cognition over time compared 
to SCD−. * Represents cognitive domains in which SCD+ exhibited only 
a steeper decline in cognition over time compared to SCD−.
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Our results corroborate existing findings (Liew, 2019) 
and provide support for the notion that SCD and depression 
may function independently regarding their influence on the 
development of future cognitive decline. When controlling 
for depressive symptoms in our models, we observed that 
the main effect of SCD status on global cognition, episodic 
memory, and perceptual speed was no longer significant. 
In the current study, we observed that those with SCD had 
higher CES-D scores at baseline than those without SCD. 
Nevertheless, the rate of change over time remained steeper 
for those who were SCD+ for all cognitive domains. Our 
results thus align with both those suggesting depressive 
symptoms mitigate objective performance differences due 
to SCD, and those that report no group differences when 
controlling for depressive symptoms. These findings sug-
gest that while depressive symptoms may influence base-
line cognitive scores, change over time in those with SCD is 
not as strongly influenced by depressive symptoms. Several 
studies have also noted that depression may be associated 
with an increased risk for later cognitive decline and incip-
ient dementia and AD (see Rabin et al. [2017] for review). 
Therefore, there may be an interaction effect between SCD 
and depression/depressive symptoms that further increases 
one’s risk for AD. Future research should further examine 
the individual and joint effects of SCD and depression on 
progression to AD.

Additionally, previous research suggests that although 
APOE ɛ4 positivity may be related to SCD and AD, there is 
limited evidence suggesting APOE ɛ4 positivity predisposes 
individuals to develop SCD (Ali et al., 2018). Similarly, we 
observed that APOE ɛ4 positivity did not change the sig-
nificance of SCD main effects or interactions in the cur-
rent study. This was also evident with personality; however, 
consistent with past research, we did find that personality 
traits had a significant main effect on SCD status (Studer 
et al., 2014). As such, future research may want to examine 
the combined influence of lifestyle (e.g., personality, APOE 
ɛ4 positivity, depression) and cognitive reserve factors (e.g., 
low vs. high education) on SCD status. This research would 
help improve our understanding of other influences on why 
SCD is associated with increased cognitive decline.

There are a few strengths and limitations of the current 
paper that should be noted. The current paper is novel in 
the design to examine future cognitive decline with a fol-
low-up period of 15 years in a sample of only healthy older 
adults. In addition, our study had much larger samples than 
many of the past studies, which increases the confidence of 
this paper’s ability to detect subtle cognitive differences that 
occur in the SCD stage (i.e., preclinical AD), which may not 
be observable with fewer participants. A limitation of the 
current study is the education levels of the participants are 
high (M = 15.9 years, SD = 4.0 years) and thus may not be 
generalizable to other populations. In addition, although 
our sample was relatively diverse, we did not stratify our 
findings by race. It has been recently suggested that SCD 
may predict incident cognitive decline in Whites, but not in 

Blacks or Hispanics (Ferraro et al., 2022). As such, future 
research may wish to further investigate the relationship 
between SCD and incident cognitive decline in order to elu-
cidate the role of SCD as a marker of early detection across 
individuals from diverse racial and ethnic backgrounds.

Previous research has observed that the use of different 
SCD questionnaires may lead to different clinical outcomes 
(Morrison et al., 2022a) and unique patterns of brain at-
rophy (Diaz-Galvan et al., 2021; Morrison et al., 2022a). 
It is thus possible that we did not observe changes in visuo-
spatial abilities between SCD+ and SCD− because the ques-
tionnaire used here to operationalize SCD were not sensitive 
to changes in visuospatial abilities. Future research should 
examine the sensitivity of specific questionnaires to detect 
declines in all cognitive domains and develop a standard-
ized method to classify SCD status in clinical settings.

Conclusion
This study examined the association between SCD and 
baseline cognition and future cognitive decline. The find-
ings indicate that SCD status is associated with lower base-
line global cognition, episodic memory, semantic memory, 
and perceptual speed, while being associated with future 
cognitive decline in all six domains. The association with 
steeper future cognitive decline in SCD+ compared to 
SCD− remains significant even after controlling for de-
pressive symptoms. Taken together, these findings suggest 
that people with SCD may be aware of cognitive changes 
occurring before they are detectable on standardized cogni-
tive tests. SCD may be predictive of decline up to 15 years 
out, and may be one of the earliest noticeable changes asso-
ciated with early neuropathological change. This preclinical 
phase may be the best opportunity for early intervention 
before too much neuropathology damages the structural 
integrity of the brain resulting in objective cognitive per-
formance declines that are measurable at an individual 
level. This study improves our current understanding of the 
preclinical phase of AD, which will increase the chances of 
earlier intervention and treatment options in those living 
with AD.
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